Purpose of Review The aim of this article was to review current research regarding social cognition (SC) in gambling disorder (GD), to (i) compile and synthetize the current state of existing literature on this topic, and (ii) propose cognitive remediation therapy approaches focused on SC for clinicians. Recent Findings It is well known that disordered gamblers show impairment regarding non-social cognitive functions such as inhibition, attention, and decision-making. Furthermore, patients with substance use disorders also present certain deficits regarding social information processing which are difficult to differentiate from the intrinsic toxic effects linked to drugs or alcohol consumption. Summary To date, relatively little research has been undertaken to explore SC in gambling disorder (GD) with neuropsychological tasks. Preliminary results suggest impaired non-verbal emotion processing, but only one study has directly measured SC in GD. As a consequence, future research on this framework should propose diverse measures of SC, while controlling for other factors such as personality traits and subtypes of disordered gamblers.
Introduction
Gambling disorder (GD), formerly known as "Pathological gambling" (PG) [1] , has been newly classified in the DSM-5 in the "Substances-related and addictive behavior" section. This diagnostic classification defines GD as a loss of control over behavior and repetition of the problematic behavior despite its negative consequences on social, professional, or family spheres. The repetition may be to obtain pleasure, or to relieve an internal discomfort [2] .
Comprehension of addiction phenomena traditionally relies on numerous risk factor models. Olievenstein's model, for example, postulates that there are three types of risk factors that could trigger or maintain addiction: (1) the context (socio-demographical factors for example), (2) the addiction's object (and its availability) and (3) the individual [3] . Neurocognitive functioning is part of this third factor, and can be further subdivided into three components: (i) the impulsive system, which is an automatic system handling routine situations; (ii) the reflective system, which allows an individual to act and react appropriately to new situations and make complex decisions [4] ; and (iii) the interoceptive system, which translates physical sensations into subjective information to provide information about risks or rewards in complex situations [5] .
Regarding the reflective system more specifically, two ways of processing can be distinguished. On the one hand, the "cool executive functioning" is underlied by dorsolateral frontal networks and handles executive functions dealing with emotionally neutral information. On the other hand, the "hot" executive component is underpinned by the ventromedial prefrontal cortex (VMPFC) and paralimbic orbitomedial structures. This network is in charge of provoking bodily sensations based on experience from situations resembling the actual context, and on memory and knowledge, to give a global sensation that can then guide the decision-making process considering cognitive and emotional information [5, 6] .
Addictive behavior is thus described as an imbalance of these systems, namely impulsive system hyperactivity and reflective system hypo-activity, while the interoceptive system would be impaired as well by redirecting resources from the reflective system to the impulsive system, leading to a control deficit and thus increasing allocation of resources to gambling [5] .
Using this framework, therefore, behavioral addiction research has mainly focused on cool cognitive functions, highlighting alterations in attention processing, inhibition, flexibility, and decision-making [7] [8] [9] [10] and linking it with neurological bases [11] . In contrast, little is known about hot functions in GD [9] . It has been shown that individuals with GD show specific patterns of response [12] and neuronal connectivity [13] in an affective decision-making task, suggesting an alteration of the functioning of the hot network, and more specifically, the VMPFC. This brain area is also involved in affective theory of mind (ToM) functioning [14] which is the ability to infer emotions to one and others [15] and is included in the broader concept of social cognition (SC) [16] . SC is a broad term that regroups various functions that allow an individual to perceive and understand social information and construct efficient social relationships [17, 18] . According to the model of Strack & Deutsch, this ensemble of functions can be classified as a dual processing using both reflective and impulsive systems [19] [20] [21] . Table 1 defines several SC functions, presents measures that may be used to assess them in a clinical context, while highlighting those corresponding to neuropsychological tasks. The primary objectives of neuropsychological tasks are to "(i) detect neurological dysfunction and guide differential diagnosis, (ii) characterize changes in cognitive strengths and weaknesses over time, and (iii) guide recommendations regarding everyday life ant treatment planning" [43] . Thus, those tasks are objective measures of cognitive performances and can be opposed to PRO (patientreported outcomes) that are "direct subjective assessment by the patient of elements of their health" [44] . Such measures mainly assess emotion recognition and ToM abilities [45] . Moreover, SC has mainly been investigated in psychiatric conditions such as autism spectrum disorder [46] or schizophrenia [18] . It has been acknowledged as a mediator between social functioning and cool neurocognition [16] . Furthermore, SC abilities have also been shown to be more correlated to social functioning than to cool cognitive functioning, in a IRI questionnaire (Interpersonal Reactivity Index): self-report questionnaire exploring four dimensions: • Fantasy (FT) which assesses the capacity to imagine oneself into fictional scenes or characters, • Perspective-Taking (PT) which assesses the ability to understand the point of view of someone else, • Empathic Concern (EC) which evaluates the capacity to resent concern and compassion toward others, • Personal Distress (PD), which assesses the tendency to resent anxiety in a tense social situation [27, 28] . In the IRI questionnaire, EC and PD scales are part of the affective component of empathy, while the cognitive component is assessed by PT and FT scales [29] [30] [31] . LEAS (Levels of Emotional Awareness) (self-awareness) [32] Theory of Mind (ToM) Capacity to attribute mental states in order to understand and predict behavior (ours and others') Two components: affective (attribution of emotional mental states) and cognitive (attribution of cool mental states, such as thoughts and beliefs) [33, 34] Faux pas test [24, 35] Reading the mind in the eyes test [36] TOM-15 [37] Strange stories [38] T.h.o.m.a.s (Theory of mind assessment Scale) [39] Emotional intelligence Concept that links emotional and social competencies, by regrouping all abilities that allow an individual to process and understand their own and others' emotions. It allows to develop relationships by understanding others and acting appropriately [40, 41] EQI (Emotional Quotient Inventory): 133 items self-report questionnaire. One scale particularly refers to SC, the Interpersonal scale, which includes: empathy, social responsibility and interpersonal relationship. The three other scales refer to interpersonal level, stress management, adaptability and general mood [42] *Neurospychological tasks are underlined population of patients with schizophrenia [16, 47] , and in a population of patients with traumatic brain injury [48] . Regarding addictions in general, patients with alcohol use disorder are impaired in processing facial emotions [49] , and patients with substance use disorder show lower levels of emotional empathy than control subjects [50] [51] [52] .
Nevertheless, it is difficult to differentiate alterations linked to the intrinsic toxic effect of drugs or alcohol from dysfunction linked to an addiction mechanism, even if functional imaging research has suggested that cerebral markers exist before the onset of addictive behavior [53] . Studying neurocognitive alterations of patients suffering from behavioral addictions may allow the identification of SC deficits due to the addictive vulnerability rather than those caused by the intake of exogenous neurotoxic substances. Moreover, direct measures such as neuropsychological tasks may avoid biases in the measurement of SC, as is the case with self-reported scales, which rather assess the perception of one's social abilities, i.e., social metacognition. Previous research has shown that individuals with subclinical forms of pathological gambling (i.e., those who gambled and met 2-3 criteria of the DSM-IV) scored lower than controls on a psychosocial functioning scale [54] . Nevertheless, the relationship between GD, social functioning and SC is still unclear. SC is a factor that could trigger, maintain or cause relapse of the GD. The aim of this article was to review recent research on SC and GD, based on a systematic review investigating the link between SC abilities and disordered gambling using a direct neuropsychological measure of SC. The objectives were to (i) characterize SC deficits linked to nonsubstance addiction, and synthetize the current state of existing literature on this topic and (ii) further understand the profile of individuals with GD, which could also hopefully provide guidance regarding cognitive remediation therapies focused on SC for health care professionals.
Method

Search Strategy
The research strategy follows instructions of the Reporting Items for Systematic Review and Meta-Analyses (PRISMA) statement [55] .
Research was performed using three databases (PsycINFO, PubMed and ScienceDirect). A combination of key words and MeSH (Medical Subject Headings) terms relating to GD (n = 5) on the one hand, and to SC components (n = 17) on the other hand was used (see Table 2 for an exhaustive list). Only publications in English or French between January 2013 and September 2018 were screened. Indeed, the article by Challet-Bouju et al. in 2017 [9] investigated cognitive alterations, including SC, in pathological gambling and did not find any previous study for SC. Furthermore, social cognition is a recent field of interest in addiction, which justify the focus on the last 5 years. This search was completed using a manual search by exploring the bibliographic reference lists from articles included to screen for potential eligible missing articles.
All articles dealing with SC explored with direct neuropsychological measures and with a link with GD were included. There was no exclusion criterion in regard to participants assessed to screen the largest number of articles possible, especially given the recent interest in SC for GD and the relatively few articles published [9] .
Study Selection and Data Extraction
All records were screened by the first author (EH). A preliminary assessment of the article titles from the initial electronic search was used to exclude all articles that were clearly off topic and resulted in a large number of exclusions. The remaining abstracts were screened for eligibility, and 18 articles were read fully. Articles regarding cognitive assessment were read in order to not miss any social cognition evaluation, while a particular attention was given to methods of articles dealing with social support and quality of life of gamblers in order to check for the presence of neuropsychological tasks among questionnaires (see Table 3 ). The flowchart of the review process is presented in Fig. 1 . 
Results
As depicted in Fig. 1, 18 articles met our selection criterion, but only one article was finally retained [56] (see Table 3 for reasons of exclusion) and was focused on non-verbal emotion processing.
Population Assessed
The only article selected was focused on non-verbal emotion processing and included outpatients seeking treatment for pathological gambling at the Brugman University Hospital [56] . Diagnosis of pathological gambling was Abstracts excluded (n=305) (see Table 3 for reasons)
Full text assessed for eligibility (n=18)
Full text excluded (n=17) see Table 4 for reasons 
Non-verbal Emotion Assessment
The study by Kornreich et al. [56] highlighted the deficits in emotion recognition in individuals with PG, using the same methodology as those for substance-related addictions [57] . Indeed, emotion processing was assessed using an experimental task on three modalities: musical, vocal, and facial. Regarding music modality, 56 piano excerpts were presented to participants (14 of each emotion for happiness, sadness, threat, and peacefulness). They had to judge the intensity of each emotion on a scale from 0 to 9. Concerning facial modality, stimuli consisted of 25 faces presented during 0.5 s and expressing 4 emotions (happiness, sadness, fear, and anger) and a neutral condition. Participants also had to rate the intensity of the four emotions for each picture on a scale from 0 to 9. Finally, regarding vocal modality, 35 affective non-verbal burst excerpts were used [58] , 5 for each emotion (anger, happiness, surprise, disgust, sadness) and a neutral condition. Once again, participants had to rate the intensity of each of the 5 emotions on a scale from 0 to 9. Outcomes consisted of the identification of the correct emotion, i.e., accuracy: if the emotion that was rated with the highest score was the one really depicted, then the response was scored correct. Regarding neutral stimuli, a response was correct if all emotions were scored as absent or of the same intensity. Intensity scores of each response were also recorded.
Results Obtained
Regarding musical modality, accuracy was not significantly different between groups, overall and per emotion. The intensity rating only differed for the assessment of peacefulness, which was underestimated by the PG group. Regarding the vocal modality, the PG group was significantly less accurate in identifying the targeted emotion compared with controls, including the detection of neutral emotions. The intensity rating was only different for neutral conditions, with an overestimation of intensity in this modality. Finally, concerning facial modality, PG was significantly less accurate in identifying the targeted emotion, without any specific significant difference between emotions. The intensity rating was only different for the neutral condition in which PG significantly overestimated the intensity compared with controls.
Discussion and Limitations
This research highlighted the alteration of non-verbal emotion processing in pathological gamblers, which suggests impaired capacities for processi ng social cues. Pathological gamblers specifically presented difficulties in processing neutral cues. This profile has also been found in alcohol-dependent populations, suggesting either common deficits in processing social cues or attentional deficits known to be present in both populations [57, 59] . Such difficulties in processing social cues could lead to social difficulties in daily life, although these were not assessed in the Kornreich study. Moreover, this research did not link the performance in emotion processing with personality traits that have been linked to SC, such as alexithymia. Indeed, this personality dimension has been found to be higher for a large percent of gamblers [60] and could impact SC performance [59, 61] . Furthermore, because no women were assessed in this study, these results cannot be generalized for the GD population as a whole.
Discussion
SC and GD Research
Only one study was identified as assessing SC in GD, using direct neuropsychological measures. This study [56] made direct observations of the social capacities of pathological gamblers concerning emotions processing. This research brings emotion recognition deficits to light regarding three different natures of emotional stimuli (faces, voices and music). Nevertheless, no link was made with personality traits, specifically alexithymia, which is known to impact facial emotion recognition [61, 62] , neither with social functioning in daily life. Moreover, the sample only included males, making it difficult to generalize these results.
This study highlighted specific deficits in an addiction group of patients despite the absence of substance abuse. These findings support the idea that social cognitive impairment could be linked to addiction per se and may exist before the onset of gambling [3, 5] , and not only be linked to the intrinsic neurotoxic effects of substances, even though many studies are required to confirm and extend these results.
Other Components of SC
Given that social functioning involves a large panel of abilities, it is also interesting to explore what have been done regarding the other components of SC, which have been assessed with self-reported measures (i.e., were not included in the systematic review).
Emotional Intelligence
Using the Emotional Quotient Inventory [63] , two studies have shown a link between scores on the interpersonal scale and SOGS (South Oaks Gambling Screen [64] ) scores in a population of non-problematic poker players [65] and a population of special needs students [66] . Those articles suggested that poor quality of interpersonal relationships may be found in populations of nonproblematic gamblers, without the possibility of concluding the direction of the link of causality.
Empathy
The IRI questionnaire [67] has been used in a population of outpatients seeking treatment for GD. The results show that compared with a control group, the GD group showed lower global scores and scores significantly lower on the perspective taking (PT) and fantasy (F) scales and higher on the personal distress (PD) scale [68] . This research seems to imply that the ability to infer and understand emotions in oneself and others may be altered in the GD population.
Theory of Mind
To our knowledge, no research has explored ToM competencies in GD. Nevertheless, it has been shown that people with alcohol use disorder present altered ToM abilities [69] and, more precisely, specific difficulties regarding affective ToM, while cognitive ToM abilities would be preserved [70] . Nevertheless, it is still unknown whether these deficits are linked to the consumption of neurotoxic substances or to addictive behavior.
Factors That Could Impact SC Assessment
Alexithymia Alexithymia is a personality trait describing the tendency to have difficulties in processing emotions [71, 72] . It is not a social cognitive function per se, but its level seems to impact the social functioning of the individuals, as well as their ability to identify emotional facial expressions [62] . Therefore, it must be taken into account when social perception is assessed.
Gender and Social Cognitive Measurement The study reviewed did not assess women, making the generalization of results difficult. Nevertheless, the incidence of women as pathological gamblers is lower than men, which could explain imbalanced groups and difficulties in comparing gender-stratified samples [73] , especially with low sample sizes. Regarding other social cognitive components, empathy appears to be higher in females than males [74] , and women tend to have higher scores on the EQ-I than men [75] . Parker et al. [66] measured gender effects and confirmed this gender difference on the EQ-I YV in a clinical population of adolescents. Thus, gender needs to be assessed and taken into account when measuring SC performance.
Summary of SC Assessment in GD and Perspectives for Future Research
Taken together, these studies may imply a global alteration of social cognitive abilities in the GD population, going from a perceptual level (difficulties in identifying emotional cues and one's own emotions) to the altered quality of interpersonal relationships.
Nevertheless, future studies using neuropsychological tasks may also need to take into account some specificity linked to the study of SC, such as the impact of personality traits or gender. It is also important to assess global intellectual functioning to control the impact of attention or executive deficits on SC performance [76] . It will also be essential to take into account the impact of GD severity, duration of gambling and other comorbidities, as these are known to influence SC performance in patients with substance use disorders [52] .
To conclude, this research suggested the presence of SC deficits in an addictive disorder without the use of psychoactive substances, which may imply that such SC deficits are independent of intrinsic toxic effects of substance. However, it is still unclear whether these deficits pre-exist or appear after the onset of gambling. Only longitudinal studies would clarify this question and confirm whether cognitive performance does or does not decline with gambling practice. Eventually, further original research is needed to better understand SC in GD and to improve the understanding of the concept of addiction and to encourage the inclusion of social cognitive therapies in existing programs.
Clinical Implications: Cognitive Remediation Therapy and SC
Cognitive remediation is a therapy program aimed at improving cognitive functioning by training existing abilities or work on the application of novel cognitive strategies to generalize improvements to daily life [77] . This type of program is mainly proposed to improve cool functioning in diverse pathologies such as schizophrenia [78] , anorexia nervosa [79] , or traumatic brain injury [80] . Nevertheless, social cognitive training has also been developed to address SC deficits to enhance several aspects of SC by practicing and applying exercises to daily life [81] . Several programs have been proposed, such as the RC2S (Cognitive Remediation of Social Cognition in Schizophrenia) [82] for patients with schizophrenia, the SCIT (Social Cognition and Interaction Training) [83] for schizophrenic [84] or bipolar patients [85] , or the CREST (Cognitive Remediation and Emotion Skills Training) for anorexic patients [86] . Overall, it seems that social cognitive therapy improves social functioning [81, 87] , neuropsychological tasks' performances assessing SC (emotion processing, ToM abilities) [81, 85, 87] , as well as self-reported measures of alexithymia and anhedonia [86] . Regarding substance use disorder, existing programs target mainly cool functioning [88, 89] , as is the case for gaming disorder or GD, for which existing computerized cognitive remediation programs focus on cognitive bias toward the object of addiction [90, 91] . However, to our knowledge, no attempt at social cognitive therapy has been made to improve SC in GD patients. Nevertheless, it seems now important to add cognitive therapy that links cold and hot functioning as a complement to existing therapies [92] [93] [94] . Thus, the creation of this type of cognitive therapy focused on both neurocognition and SC could improve global cognitive functioning and social functioning, which may participate in the maintenance of abstinence.
Conclusion
Only one published study has investigated SC with neuropsychological measures in pathological gamblers. Preliminary results are promising and tend to highlight a social cognitive impairment. However, more studies are needed to confirm and extend these results and to control certain factors, such as personality traits and gender. This is an important new avenue of research that may allow better characterization of the social cognitive profiles of gamblers and bolster the current literature. Furthermore, if studies confirm specific deficits of SC in GD, this may give alternative leads for social cognitive remediation therapies to integrate this solution with already known programs.
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